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"FOREWORD

This report was prepared by L, E, Mertens and D, L. Phillips, RCA

Service Co.4 Deep Look Project, under Contract #F08606~73~C-0014,; —"

A great deal of effort has been expended on -this program to correlate
theoretical calculations with in situ experimental data. Theoretical
and experimental investigations were repeated and refined to the
point where the confidence level in theoretical calculations is
acceptable for determining the actual performance of any proposed
undersea optical system,

This report summarizea the long path optical data measured in ‘coastal
and oceanic water in the Bahamas, Other Project Deep Look reports
show how this data can be used to compute imaging system performance,

It is our hope that the data contained in this report will allow the
number of prototypes constructed during system development to be
reduced by using analytical techniques.

Publication of this report does not conatitute Air Force Approval of
the reparts findings or conclusions. It is published only for the
exchange and atimulation of ideas,

G. H, MUCKLOW, Program Enéineer
Range Measurements Laboratory
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ABSTRACT

JThis- report presents the first\in situ sea vater~ﬁeaanrenants

i -

'wof the Beaﬁ Spread Runction?(%SE)and Point Spread “uuc:ioniﬁ?SE)

Eurthermore, these measutements are valid to much sraller anglee

than. those previously pubxisheduand-shourd be of valug in 1m§ging
systen analysis, leasurements are presented for sea water ranging

from clear coastal to maximum clarity deep oceanic; over an angular

. P9pL

. de ‘
range fron less than radians to lsgl‘gnd for propagation ranges

up to nine attenuation lengths., )
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I. INTRODUCTION

The Beam Spread Fﬁnction, BSF (R,0,4) maps the irradiance field at
the range R about a collimated light source, The Point Spread
Function, PS? (R,0,4) describes the radiance distribution zroduced by
a small lambertian point source which is observed from a poinc at the
range R, These two functions are important basic optical parameters
for predicting image propagation in sea water, In fact, most of the
other optical parameters which h;ve been used to describe the propa-
gation of light in water can be derived from either BSF-or PSF
measurements, For example, the volume attenuation coefficient, a,
can be easily détermined from the logarithmic slope of the on axis
BSF or PSF as a function of range, The volume absorption coefficient,
a, can b§ estimated from the loss in total light energy as a function

of range, The total light loss can be determined by integrating the

BSF or PSF over the entire solid angle. From these o and a coefficients,

the vlume scattering coefficient, s, can be computed using the
simple relationship a-a=s, For small angles, the BSF can be used to
compute the Volume Scattering Functioh;vvsrf which is commonly used
to describe the angular scattering ptope:ties of water, The VSF in
turn can be related to the size distribution and refractive index

of che particles in sea water, The modulation transfer function (MTF)
of the water path. can be determined by takinggthe‘two-dimensional

Fourier eransEOtm’of the BSP or PSF,

The BSF and PSF of sea water -can be measured conveniently and accurately

*L, E. Mertens and 0, L., Phillips
Deep Look Repont "Heasurements 05 the Volune Scattmng Function of
Sea: Water, 7 Maxch 1972, TR‘334



with instrumentation developed on the Deep Look Program, Unlile the
more conveuntional measurements, these functions are measured over
long ranges - usually comparable to the desirad system operational
ranges, Small measurement errors do not increase when this long
path data 1g used in making system predictions and computations.
Note that conventional parameters are usually seasured over short
one meter paths and any measurement errors increase exponentially
wheis scaling or propagating to the longer operational paths, Tor
thegse reasons the BSF and PSF have been selected in the Deep Look
Progran as the basic input data to describe the transmission pro-

perties of sea water,

BSF and PST data presented in this report are the first in situ
measurements for sea water, TFurthermore these measurements are
valid to much smaller angles than those previously published and
should thus be of value in imaging system analysis, Measurements
are presented here for sea water ranging from clear cecastal to
maximum clarity deep oceanic} over an angular ranpge from less than
104 radians up to 180° and for propagation ranges up to nine

attenuation lengths.

11, THE BEAM SPREAD FUNCTION - BSF

The BSF will be defined as the irradiance at eéach point on the surface
of a sphere of radius R having its origin at the source of a collima-
ted bean of light (of negligibly small cross-section). As can be seen
in Figure 1, thz BSF is a function of R, 6, ¢; the sphégical co~

ordinates of the point on the surface of the sphere,
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The RSF is also a function of several otler parameters that are not
geometry dependent, Thée output power of the transmitter is one of
these parameters, In order to elimidate the influence of ‘transmitter
power; it is conventional to normalize the BSF with respect to the
transmiéter power, When this ig done the BSF has units of (metets)'z.
In this report we always use this form of the normalized BSF unless
specifically stated otherwise®, The BSF is, of course, a function of
the wavelength of light used, Since the Deep Look Program is princi-
pally concerned with very long range imaging systems, most measure-
ments have been made near the optimum transmission wavelength of

vater (i.e., 480 nm).

At large angles off axis, the BSF is affected by the transmitter
polarization. Therefore, measurements have been made with both

horizontal and vertical linearly polarized sources,

The absorption and scattering properties of the water (and its dis-
solved and suspended materials) have & major effect on the shape of

the BSF, For the large angle region, the BSP's for many types of water
appear to be quite similar if measured at the same normalized range (i.e.,
same number of attenuatién lengths, aR) and the a/a ratios for the
various types of water are approximately the same, The situation, how-
ever is quite diffarent in the small angle region wher§ temperaturc and
*The BSF can De made completely non-dimensional by multiplying by RZ,

This additional normalization is convenient for many purposes and



salinity inhomogeneities as well as the size and refractive index
. distribution of the particulate matter become very 1mportant.*

Most conventional instrumentation used to measure the optical propér-

€

ties of water cannot detect these effects and, hence, could lead
to serious errors in imaging system analysis where &mall angle scat-

tering is very significant,

The simple definition of the BSF which is presented above 4is not
completely adequate for a detailed study of the propegation o4
Light in waten, For example, the size (diameter) of the sounce
beam nelative to- the scatterers (i.e., molecules, suspended
particles, -and turbulences) 48. {mpontant in diffraction phenomena,
The idealized "point" collimated source uvsed in the BSF definition
48 physically unrealizable and measurements have actually been made
with Lasen beams having diameters, on the onder of 1 om and di-
vergences Less than 1073 radians; The actual source beam is thus
condiderably Largen than the subpended particles and molecules and
it's exact dimensions are not critical for ourn BSF measurements
{which are nomally for angles gnreater than 1077 nadians). The
dominant tunbulence scales, however, are comparable to on greaien
than the actual: source bean diameten, When scattering grom Such
tunbulences becomes impeoitant, greater precision must be used in
degining and measuring the BSF, - :




111,  THE POINT SPREAD FUNCTION - PSF

The geométry used for defining the PSF is shown in Figure 2, The
PSF for the range, R, is defined here as the radiance distribution
arriving at'a point at range R from a small lambertian point source, ¥
For a particular range the value of the PSF will vary with the

angle of arrival of the light rays.

The PSF will be normalized with respect to the radiant intensity
of the light source. Thus it also has units of (mecers)'z the sane
a8 far the previously define& normalized BS¥, In this report we

always use the normalized PSF uwnless specifically stated otherwise,

Just as in the case of the BSF, the PSF is a function of range, tha
polar angles © and ¢, source wavelength, and the water's optical

properties,

1v, RELATIONSHIP BETWEEN BSF AND PSF

The discussiona in the preceding sections make it apparent that the
normalized BSF and PSF are very similar, They both have the same

units and yield the same basic optical parimeters. Furthermore,

* Note that PSF is more conventionally defined as the imadiance
distribution in the image plane of the system,
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the measurement curves turn out to be quite similar in shape and
magnitude, Thté similarity leads us to question whether the BSF

and PSF might be identical in theory,

The BSF and PSF can bé thought of as transfer functions between
specific trénsmitter and receiver configurationé:“A brief review

of the methods of measurement of the BSF and PSF indicate a certain
reciprocity which is more evident by reference to Figure 3, In the
case of the BSF we have a narrow (collimated) transmitter beam and

a wide angle (cosine pattern) receiver. In éha PS¥ case we have a
cosine transmitter radiation pattern and a narrow beam receiver,

The BSF andAPSF thus represent a set of "reciprocal" measurements

in which the source and receiver are interchanged, A very general
form of the "reciprocity theorem" indicates that the transfer
relations will be the same for both casea‘ptovided that the medium
meets cettain,con41tions such as linearity, In our measurements,
exact reciprocity does not exist because !) the laser transmitter
was linearly polarized while the radiance measuring instrument was
normally used without polarisers and 2) the laser transmitter had

a very narrow and collimated beam while the radiance measurements used
a wider aperture and slightly diverging beam (i.e., field of view),
It will be shown later that the polarization differences are important
mainly at very large angles and the narrow beam characteristics will
only affect the very small angle measurements, Thus we would expect
(and actually find) the normalized BSF'd and PSF's to be essentially

the same over most of our measurement range,



FIGURE 3

Reciprocity of BSF and PSF

BSF

Collimated Source

- - —a Irradiance Detector

Cosine Pattern

Narrow field of view

Cosiné Radiation Pattern
Point Lambertian Source




V.

FIELD, MEASUREMENT TECHNIOUES.

BSF and PS@ neasurements on the Deep Look Project have been made at
tvo locations near Andros Isﬁand, Bahamas, One 1s in shallow coastal
water behind Hiph Cay and the other is in deep oceanic water (2000m
deep) in the Torfue of The Ocean, TOTO, At High Cay all of the BSF
and PST instrumentation 1s mounted on pedestals which set on the sea
floor, In the TOTO, the instrumentation is mounted on a 20 meter

long optical bench vhich is suspénded below the instrumentated barge.

The lipht source for nmost of the BSF measurements has been a CW Arpon
laser which has five major emlssion lines in the 457,9 to 514,5nm
wavelenrth region, Individual gpectral lines can be selected and optics
are -avallable to collimate the beam., The irradiance deteétor is a
Cintra radiometer with a diffuser to give approximately a 160° field of
\'——--—-—m
view: This detector is normally operated unpolarized, but a linear
polarizer can be added vhen desired, The laser, of course, is linearly

polarized,

The optical output pover of the lager source is measured during the test
by moving the &intra detector as close as possible to the laser port,
This pover level is then maintained with the aid of a power monitor

located vithin the laser housing,

10
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Our niormal test proceddre is to tune the laser to the desitred
wavéleng;h, collimate the beéanm and adjust the.output pover of

the laser. With the transmitter set-up and operating, the
irradiance, field about the source is measured. This could be

done by moving the Cintra detector at a fixed range R, over the
surface of the sphere, centered at the‘bgurce; ﬁfmeverﬁ it is
usually more convenient to use a fixed detector and rotate the
laser housing, ‘Since the BSF appears symmetrical sbout the beam
axis for most regions of interest it is necessary to scan the beam
(from 0° to 180°) in one di%enéion only, Vhén there is reason to
believe that the scattering may‘be‘s&gﬁiiicantly asymﬁetrtcal,* scans

in several planes can be measured te define the irradiance field,

The BSF has been measured for ranges from less than one to approx-
imately nine attenuatisn lengths and for angles as small as a few
‘hundredths of a mjlliradian, In order to investigate any asymmetry
due tO‘apurqg.pblarization two orthogonal scans of the laser beam
veré used 'to measure the BSP;, One scan is along the plane parallel
to thg'iisetipolarization and the other along the plane perpendicuiar
to the laset)polanization. The BSF has: also heen measured a3 a
function of wavelength over the Argon laser band. Water properties

are nonitored /during the tests using other Deep Lock instrumentation,

The PSF has been measured using both electronic and photographic

sensors in shallow water at lilgh Cay and by photographic techniques

% .
For example, aspmetry occuns at Large angles with polanized Light

dounces.
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only in the deep water of the TOTO., The majority of the High Cay
PST measurements were made witﬁ a CW Argon laser illuminating a
small diffuser as the point lambertian source, The radiance
detector was a modified Pritchard photometer (air focal length

84 inches, f£/15 lens and in-vater F.0.V, 1,08 milliradian). Linear

polarizers can be inserted in the photometer if desired,

For the electronic technique the radiant intensity of the point
source 18 measured during the test and maintgined‘using the laser
power monitor. The wavelength desired i3 selected at the laser,
The ra@iauce field arriving at the narrow field of view detector
at the range R is measured by rotating the photometer firom 0° to
900 (i.e., in Figure 2, © = 0, ¢ varies fron 0° o 90ﬁ;J The PSF
has been measured using this technique at High Cay for ranges to

approximately nine atteni ation léngth&,

The. phctographiq;technique involves photographing a small diameter
"point" lambertian source at various range: from the ;amera. The
film is developed and the density produced by the scattered light
is read \n a microdedﬁitometer. Density readings are converted to
energy and appropriately scaled to yield the: PSF. Details of the

point source aiffered for the various tests,

The point source for the ‘deep water tests in November 1971 used a
250 watt Quartz~iodidé lémp in a light-tight housing, A lmm or a

10mm clear aperture in the housing could be selected to define the

R

—

12 -
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"point" source, Two sheets of diffuservwith a Wratten 45A filter
‘betveen them vas placed between the lamp and the defining aperture,
This point source assembly was mounted on the long bench at approx-
imately 19m from the automatic camera (Nikon 250 exposure with

¥ = 800pm, £/3.8 lens). The camera focus range can be remotely'
varied in small stens to bracket an oﬁject distance changt .of 0.5
meter 86 as to insure at least one photopraph in sharp focus despite
antiéipated thermal expansion and refractive index variations,
Photographs were recorded at several denths fér both apertures and
a range of exposure times to insure optimum f£ilm density for all
scattering wmnples within thé fleld of view, The developed film was
pieviewed»with a microscone to identify tbe frames with sharpest
focus anAd optinmum density range, The selected frames were scanned
on a microd¢nsitometer and then converted into energy per unit area
in the filt plane ag a tYunction of the aiple from the center of the
iriape, The enerpies retieved were then normalized by the exposure

time, camera parameters, and source intensity to produce the PSF,

TESY PESULTS

Tie in situ measurements discussed in this section were c&ﬁductéd in
1971 as a portion of the Deep Logk Project.

Fisuses 4 and 5 shou the affect of ranée on BST and PST respectivelw,
Thes: data vere neasured Féﬁ clear coastal water at Fiph Cay during
March and June 1971, BRoth scts of data were measured for a wavelength
of 488nm and the BSF detector vas scanned in a plane perpendicular to

the polarization of the lader,

13
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For the small angle region the slope of these curves gets les§ as
range increases., ,Since~ch€§e:data plot as nearly straight lines on
1ég~log paper we see that the BSF and PSF data can bé_ approximated

over a Feasonablée range of angles © by the expresston K& © where K

and n are functions of the ranse,

Tigure 6.i§‘anqthcr ﬁseful ptesentation of the Firure 5 data, Fere

the valué of the PST is plotted versus range £6r three particular
angles, The slope of these curves is approxiﬁately equal to a, the
volume attenuation coefﬁiciéﬁt,.for stiall angles off axis, The slope
(or effective attenuation coefficient) {s less than o for larger angles,
This explains why broad or dirffuse light sources propagate with less

attenuation than o,

PELATTONSHIP OF BSF AND PST

Compariscn .6f the data shown in Tipuras 4 and 5 shows that the
normalized BSF and'?SE are near;y {dentical, BST and PSF curves for
the game attenuation 1ength show absolute apreement w1££1n 30%,

Table 1 shows the value of the ratio of the PSP to the BST measured
for an angle of ten milliradians, The averape value of this ratio for
nine ohseryations differs from unity by less than 37, Considering the
accuracy of the measurenents it can be sald that our data supports the

hynothesis that the normalized BSF and PSF functions are identical,

16
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“TABLE 1
o s -
£
i Ratio éf“ﬂornalized.PSF to the Normalized BSF at 0,01 radians

: . . TRange in Laser Polarization BSF
P, Datel ] Ag}enuation Length, .. Yor BS? ) _Ratio
;‘ . March 1971, N 2,8 Vertical : 1,18
; March 1971 5.6 Vertical 1,02
% June 1971 5,0 ‘ Vertical 0,99
June 1971 7.5 Vertical 0.86
{ June 1971 8.9 / Vertical 0,46
- . June 1971 5.0 . Horizontal 1.23
% June 1971 7.5 : Norizontal 0,73
g Juihe 1971 8.9 Horizontal .ELZE
Average Ratio 0.97
:
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DEPENDEIICE ON TYPE OF WATER

The BSI" measured for surface oceanic water in the T0TO is shown in
Flgure 7, It ié interesting to compare this data with that of clear
coastal water (Fipure 4), Comparison of the curves sﬂou1d~be made
for equivalent numbers of attenuation lenpgths rather than eouivalent
ph?éigal ranges, ~This procedure adjusts for the large difference

in clarity between the different vatcrs, Unfortunately, we are
limited to 20 meter paths in the deep water due to the mechainical 1
problemsléf daploying lonper optical benches ;t sea, Also the
normalized ranges (iﬁ ternms >f attenuation lengtis) are not exactly
equivalgnt for both F%gures. However, comparison of the shorter
range spread functions indicates that they are very similar in shape

and magnitude despite -differe fes in the water,

The affect of vater parameters on the PSF at a gpiven range can he seen
in the photographic data we collected in November 1971, The non-
normalized PSF for depths of 30 meters and 217 ncters in the TOTO are
shovm in Fipures 8 and 9 , Our data 1s the first measured In the
deep. clear ocean, As can be scen, our smallest angle measured was

approximately 4 X 10'5 radians., The PSF's shown are not normalized,

The curve shape (for the 30 meter depth data) agrees very well with

the data in Figure 5,

The curves shovn in Figﬁres 8 and 9 have been corrected for lens

flare déternincd by an infgir calibration of the canera;
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WAVELENGTH DLEPENDENCE

The BSF and PSY will vary with the wavelength of light emploved
due to the change in both the absorption and scattering with vave-
length, Figure 10 shows the BSF(0) for approximately 7 attenuation
lengths for wavelengths of 488nm and 515nm, For small angles the
scattering 18 ahout the same at hoth waveléngths'but‘for larpe
angles the scattered light 1s significantly lese at the longer

wavelength,

FOLARIZATION DEPEYDFEICE

The depgndence of the BSF on transmitter polarization (relative to
the plane of measurement) 1s shown in Figure 11, These data were
collected 31 May 1971 in the TCTO with an unpolarized recelver

for two transmitter to recelver ranges, At each range data were
collected with the detector scan perpendicular to the laser polari-
zatlion (transmitter polarization vé;tical) and detector scan parallel
to the lager polarization (transmittef polarization horizontal),

The transmitter polariza;ion makes no-difference In the BST for angles
less than approximately 0,3 radians, Beyond 0,3 radian the received
scattered gnersy 1s less for the transmitter polarization horizontal
(L.e,., in thé nlane of measurecment). As a result, horizontal polari-
zation 1a preferred for imaping systems since it prodices slightly
less backséatter and hés no other disadvantages. Note carefully that
these neasurements do not usé a polarized receiver and are not directly

related ‘to ‘the use of cross polarizers for backscatter reduction,



.
e
:

o
L e
-

T ””1f‘ rrcunz 10

N
M
3

S g e Beam Spfead Funétion
) ‘ 14 June 1971 ﬁS* A ‘Q.nction of ‘Wavelength

.  monsirai wojon e o '.3 R ETREET, », AR pelng K o S NI Qrpisger quiar hen e S 18 .9 = .
i i ns wifnow o o Lo {; e -«-c IrSsipic DS gt L RS i L
- 2 : iy s o M i s Aol A =
H . - voudimd: fﬂo.,.-....- RETIN g N B " - o~ LI A o
' “,' SR R ':Nh“”’r"" "w“’;?“i«’iﬂ;h’ 3‘ il
. ; .- S soaif b 4 PN I R DYSERPR MUOP: [P 108 W PRAPRE JNR SN TN SN SIS § |
S - Ay P YqReat g M ERERL
RSEE (AP Raal ) " Eagl M0 s t
. SR I oy | A - P et i ,§§ v‘—l
.- - - - -:‘ - ks LA b : - 'J":U_I
« L _’,{ T B N . i ’ [ B
N LN 4o o ) q(‘rsgl?ﬂ) - COISS; 20002“
¢ w70 N - 44T PTG
10 < ’.\\ A- - Lde ,/“ ! .‘j ‘ e &
x - LACRNrth: DO, NP S N of B ‘] ™~ 3 __L_' Lol g iy T g byl
- N Ty o e L T S e T ST A
R - PN At D toad rabru marer gt L A e L prrenc) # g e At S b S e
N e e B i et S T
- el 25 - —r: : ‘ o v ne
: Tt e = S AR R :
B - A A . biid R
4 - Sy ¢ Y A SRy - Y t i
T e~ T ] '_,"r« < ’ ) % 1«5- ! i
5 =  emmncs = ey o owsin w
SRR E - g gy NI T
' . LR R ¥ ERRAHL L
% .5,0 «"?iﬂ‘u" oo e SO S ks y . n»‘ms‘-l . ¢ »—‘-:
v et aj.;f_y' it it e T e D B
}( F ‘:.VQ.,....«;{::‘ MJ 4 Lawert ...:.,...?....,
: S S 13 . L A PRI I
e Hinas -
_...gumv.1.;. Al annt IR ETES o Yk
. it
&, - s
!""‘5“"_ i 3 e
N :
Creodot o A
~ N '8 “f b - -
. e NI ik thr
| of ‘&l | Tl -
- ) : .-
. d v .
' 10 ;:WSE« R e,
> P Xy W"i“‘ﬁ’“"“';’{* § I
SRR R A T M
ka4 § .

flornal:
L]
“"b‘
£
O
£
:
v

[ea sheds

4

0 Dat

10710

:
i

|
é

j.....guu,:‘._q“ T o b : "
' Aot atom v 4
: i ST TR A - . R, oo f oo 4 .
2 N oK *”"j“f ; ;f"»‘ N : ?,ql
d g DS e T 5 p

. F - o e v L‘n%,»%-\j»-—\. nx.y%-l»}-;-

RN

B I
5
D s DTl s pot

i p
s
¢

;

.
. . 3 S :\’\)ﬁ N - /! 12 t ; res
N s 1. A b R EE Y ; i{‘
: ) S NI EE S BRI 13 AN
- : -
. - 3 rov i1 Chmabrs lwh-;dm 2- mw—‘—.e-m»} oy faay o1 'sd [TV N A
3 i - gt - N R T s T ot L antmsters st react st el
b s Y " o et g ¥ v s e Soief < 2 § L ey el s RET R S S
’ - - IT x - -3 gy e wond . pe Fap £ 4 f-»...—n. Sl Lt SR -,
’ V ok 33 fommmnfione o ¢ s .,;‘.J I3 “
. ~ N I A g -
% - f : 1 R ik "} ¥ et}
’ ; ) by SRR i -
2
. N

i

L ey, e
]
=
N’

e R L S

g re
TS = ey

w0
-

e,
el e

i
ector (Mi 5:

il ?
-~
=y
&
[
®
ey
e
%5
-0
®
—
1 & ATy
R .
3%
%’
~8
-
[~y
\—Qv'—n}*ww s




e
—
\J
¢

& raewn e e
vvea!

JU PR

v w = Tl Y 7 " Tt + > )
i ! N 3 pl T ]
r : H 71l 11l
bert < v frmen n.wwn 2% PN . w -yt M whee = " Loz o rml: -
W [ B . { H R !
” /04« i i =N mm W .uu..“ IR
i . : [} i} R Yo g8
- e T RS St I8 SETEIDE o= LT TULETITAITN, L T LT eI I TN LTS ML..H..S,WHW.,J g m
: P s ety ¥ RS etk el BB A Liir i B Pt e e =
O i b R RIS TITIT - SRR IR TS Spttny -1k U I B tha i SR RIS atot it ]
R R I R i U Ll I S Jo% G P SNSUORIE 1) I A5 A WS A S P - Biiag 1A N
sied am i < < o . it samanl R $ 1 i b te o cameend 1 2]
m MM., sy St — — IR TR T Y I I I..:.\.uu.b..u - T B S5 AR .H..
=T T TN it 2.1118 il =
il m. . QJ P B i ; bl m T .m
i AL * .M-- : PR Sl wients 1 LRI o " m_u e " hed »
- 13 M H
! B w : 5 w.
= ~ < H i { 3 RY
8 it . CATEEYS ! i : «
P B & Il ok tupitios it Sl wavasiis K1 Jorhaie auipul ginoimivodl ad 3 R ol b P I - o m
e e e e P ot SN 1 B YT idon Bhotin Sl 15 DU S el Sovivesit St B 1 =1
TR RS i Rk Rt N et M B B JEE ....I..}mu.m- I A nm
v : -3 i3 : i e it
: 1 vy i & St e RIS 1 o]
- ! Soi L ’ FRE O Q
b S i e : = @
3 | il I ‘] -
: H r L]
© w i ! \ _ § °
n ”m m ~ . o u
W )-4..1. ! { = ok de ‘\\ - xm.. : ° :
3 ook =t Soi i i g .
B i . SRR 3d ded e foee i «
, =1 N L S T i s
S LT TS AR I &
T e - T ——y
R IR : : i ' -t
=]
o
-
g

i
— m
~ | , \m\x\ i e
3 \ : il
’ P .mh.. = m we _. 1 3 —t
A ~ 13 PRI M - :L. ST 5 g - e for
& srTH L = e Sapr EEFE =
. . 3 1A § g B
‘" v n 15 uv”x... 3 - 34 M 3 } \
1 { i i L .

¥ BRI

ki
=
1
L
[}

axn3aady .uﬂun,ﬁw.ww wy

.
w——s]

mkuu@

10
1076
1077
1078
107?

10710
1071

it ne WD Y N e e b W e s i o e Bm e e
i g&mwﬁr st e BT i b a&%ﬂfﬁ# St kel B e I et




.o

VII. DATA ACCURACY

In conclusion some general remarks should be tiade concerning the
accuracy and quality of the data presented in the report, The ddta
appear repeatable and have relatively lov random nolse as can be
seen by exanining the fluctuations of the actual data points gbout
the smjothed curves, In addition, a theory developed by W, Wells*
» shows how the PSF (or RSF) for a given range is related to that

for another ranpe, Analvsis of the experimental data by Vells and

ourselves showed that it isg consistent wvith this theory,

It is well te note, however, some of %he sources of error in the

measuremouts, The data collected at Figh Cav has three sources of

environmentally céused error sources, One is the variability'of

o in the shallow coastal water, The a varies rapldly and by large
amounts with changes in vind conditlons and tides, The chanpe in
o that occurred during the June BSF (data shoim in Figure 4) is
shoun in Pigure 12, lere a Increased 'steadily for two hours before
it became stable, Varifiable a can cause data inconsistencies within
one tast‘(ar even one run through all annles at one ranre). It can
also result in the wrong value of aR beinr associated with a
particular data run, It appears that this mav cause a problem in
some of the Tigure 4 and 5 data where it was not practical to monitor
o continuously during the spread function measurements,

L
Wells, ), fl., "Loss of Resolution in llater a4 a Result of Multiple
ekl Angle Seattering”, J. Opt. Soc. Am., 59, June 71969,

26
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A second problem at High Cay is plankton accumulation around the
light source. Workine at night with very brigst light sources

sometimes attracts plankton., This) of coursde, cduses locdl iucrease

in the attenuation and ncattering of the light, A diver near the

T—"
- -

light sourde haf been used to monitor this problem and if plankton

. d
S, -
. S]i.. e i sl P Lo ] R,

S

. begins to accumulate, the Iipht is turned off until the plankton

af

dissipates, ‘feasurcrents are taken as fast as posgssible to mininize

PR

: both a chanfes and plankton build-up,

: The third problem involves the measurement peometry. Hish Cay

measurenents are conducted in vater that is approzimately 5 meters

PO

deep, ihe ocean floor is coarse white sand, Thus, at the larper
angles the BSF ox PSF detectors will see diffuse scatterinpg from

; the ocean floor and reflectiony from the ocean surface. Thisg extra
‘ scattering causes the BST and PS™ curves to be too large for greater

anplea,

All of the ahove problens, excent scattering off of the ocean floor,
can affect neasurerents in the TOTN, THowever, due to the rore stable

water environment 8f the deen ocean and slieht motion of the neasuring

LR TSRO,

platform, thev do not seem to result in significant data ecrrors in

the TOTO,

TR A TRENS, (e i, s

LR el
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